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298a Monday, March 7, 2011subcellular compartment that include caveolar lipid raft microdomains and
a freely diffusible Epac2-based probe. b1AR and EPR activation elicited re-
sponses detected by both FRET probes. However, cholesterol depletion only
affected b1AR responses detected by the PKA probe. These results indicate
that caveolar lipid rafts alone are not sufficient to explain the differences be-
tween b1AR and EPR responses. They also suggest that b1AR regulation of
myocyte contraction involves the local production of cAMP by a subpopulation
of receptors associated with lipid rafts.
1613-Pos Board B523
Ventricular Mechanics in Intact Rat Trabeculae Under High Frequency
Conditions
Jessica L. Abraham, Sarah C.W. Stevens, Paul M. Janssen.
The refractory period acts as a protective mechanism in the heart by preventing
multiple action potentials from occurring via limiting the frequency of depolar-
ization and therefore heart rate. This is extremely important because at very
high heart rates, the heart would be unable to adequately fill with blood and,
as a result, ventricular ejection would be reduced. Conversely, extremely
high frequencies above normal heart rates are relatively unstable and may
spontaneously give rise to arrhythmic episodes. In our current study, we are
attempting to examine the mechanics of the ventricle under extreme, high fre-
quency conditions. Ultra-thin trabeculae were isolated from rat hearts and
attachedbetween a force transducer and a micromanipulator. The isolated mus-
cle was stretched to an optimal preload, and the force-frequency relationship
(FFR) was established on each muscle by stimulating the muscle to twitch at
1, 2, 4, 8, 10, 15, 20, 25, 30 Hz respectively. There was a positive FFR seen
from 1-8 Hz, which covers the physiological range of frequencies for the rat,
as the systolic force increased from 18.453.3 to 3156.6 mN/mm2; however,
frequencies of 10 Hz and higher exhibited a negative FFR as the systolic force
dropped to 10.152.0 mN/mm2 at 30 Hz. In addition, the diastolic force in-
creased by 3.5 mN/mm2 from 1 Hz to 30 Hz, with an increase in diastolic force
with each subsequent increase in frequency. The relaxation time decreased
significantly from 32.351.1 ms at a frequency of 1 Hz to 22.351.1 ms at
30 Hz. This data suggests that even at extreme, high frequency conditions
that are well above the normal heart rate, the isolated rat trabeculae is able
to twitch without developing arrhythmias.
1614-Pos Board B524
Dynamic Regulation of Myocardium Contractility in Positive Force-
Frequency Relationship
Ying Xu, Paul M.L. Janssen.
Contractility of normal myocardium increases concomitantly with increasing
heart rate, known as positive force frequency relationship (FFR). It has been
shown that systolic Ca2þ transient amplitude is elevated at a steady faster pac-
ing frequency. However, the beat-to-beat basis regulation of a positive FFR re-
mains unclear. We were able to dissect the intrinsic impact of cycle length
changes from slower acting signaling components by using a random cycle
length approach, during which the twitch contractions of right ventricular rabbit
trabeculae at 5 different cycle lengths were randomized around a physiological
stimulation baseline. Using this novel stimulation protocol, we quantified the
intrinsic effect of cycle length on contractile strength, showing that the history
of at least 3 cycle lengths prior to a contraction influences myocardial contrac-
tility under near physiological conditions. In the current project, the random
cycle length approach combined with calcium indicator fluo-4 AM loading
were used to further understand the dynamic myocardium contractility
regulation of FFR to a single beat resolution instead of steady state. Isolated
right ventricular rabbit trabeculae were stimulated using random cycle length
protocols at low and high baseline frequency, 1.43 and 2.86 Hz respectively.
Our data show that at both frequencies, the secondary/tertiary cycle lengths af-
fect cardiac twitch dynamics in the opposite direction than primary cycle length
with decreasing importance as the cycle length is further removed from the cur-
rent beat. Preliminary data show that both diastolic and systolic Ca2þ amplitude
are partially related to force. However, compared to the dramatic change in
force, change in the amplitude of calcium transient during the random cycle
length protocol occurs to a much less extent.
1615-Pos Board B525
Frequency Induced Alterations in Calcium Signaling
Kaylan Haizlip, Paul Janssen.
The Bowditch effect, otherwise known as the force frequency response, is a ma-
jor endogenous physiological regulator of the contractile function of the heart
where an increase in pacing frequency leads to an increase in force. This is crit-
ical in exercise, where the increase in activity elicits an increase in the delivery
of oxygenated blood to the rest of the body. Previous studies in our lab have
shown that at steady state, higher frequencies lead to a decrease in calcium tran-sient duration and alterations in the phosphorylation status of myofilament
proteins. In this study we aim to determine the regulatory modifications that
occur in contractile function, protein phosphorylation, and calcium handling,
during the transition in the intact cardiac muscle. Trabeculae, excised from
the right ventricular free wall of New Zealand white rabbits, are suspended
in Krebs-Hensleit solution and stimulated at 1Hz. Muscles were then incubated
at room temperature with Fluo-4 am calcium indicator dye at50uM for 30-
60 minutes. Dye loaded muscles were then stimulated to contract at 1 Hz
followed by 4 Hz over the course of 4 minutes. Increasing the frequency
from 1 to 4 Hz leads to an alteration in contractile function with a transition
phase occurring between steady-states. Functional data reveals that the transi-
tion phase is characterized by a fast response, in which there is a transient de-
crease followed by a rapid increase in contractile force, this is then proceeded
by a slow response, in which the contraction gradually increases in force until
reaching a steady-state at 4 Hz. Currently, we are obtaining calcium transient
data from the transition phase to correlate the effects of increasing frequency,
force, and calcium flux. Further studies are required to determine the effects of
frequency on post-translational modifications at these transitional phases.
1616-Pos Board B526
Spontaneous Oscillatory Contraction (SPOC): Quantifying the Contractile
Performance of Human Cardiomyocytes
Cristobal G. dos Remedios, James E. Robinson, Renee Whan, Filip Braet,
Yingying Su, Theresia Kraft, Jolanda van der Velden, Steven B. Marston,
Marja Steenman, Peter S. Macdonald, Sean Lal.
SPontaneous Oscillatory Contraction (SPOC) describes repetitive cycles of
rapid lengthening (relaxation) and slow shortening (contraction) observed in
small bundles of striated muscle cells (myocytes). SPOCs can be induced in
both skeletal and cardiac muscles. Here we describe SPOCs in human cardiac
muscle, and in particular focus on SPOCS from left ventricles. All samples
were frozen in liquid N either within minutes of the loss of the blood supply
to the heart (i.e. soon after the aorta was clamped), or within four hours of
surgical removal of non-failing hearts that were perfused with cardioplegic so-
lution, thus reducing post-mortem damage to inhibit spontaneous contractions.
SPOC is best considered as a third state that is intermediate to contraction and
relaxation. SPOC frequency (SPOC period) and shortening velocities correlate
well body size in various animals thus, SPOC is likely to reflect the physiology
of the heart as it functioned in life. Tiny samples (<1 mg) of human immobi-
lized cardiomyocytes are exposed to precise ionic conditions to induce SPOC.
SPOC cycles are recorded at 25 frames per second in bright field yielding high
spatial and temporal resolution information. Measurements of the mean rates of
shortening (systole) and lengthening (diastole), and of the SPOC periods enable
us to determine if SPOC parameters change with age in non-failing human
heart samples. We have examined non-failing heart left ventricular samples us-
ing donors from ages 3 weeks to 65 years. These hearts exhibit a range of heart
rates that correlate with donor age. We also used the SPOC technique to iden-
tify functional defects in samples from patients diagnosed with hypertrophic
cardiomyopathy (HCM) who had undergone cardiomyectomy of the enlarged
interventricular septum. We only examined patients with known genetic muta-
tions in cardiac sarcomeric genes.
1617-Pos Board B527
Mitochondrial Interactosome in Energy Metabolism in Healthy and
Cancer Cells
Marcela A. Gonzalez-Granillo, Minna Karu-Varikmaa, Merle Saarema¨e,
Lauriane Michel, Tuuli Kaambre, Valdur Saks, Rita Guzun.
In this study we investigated intracellular distribution of b-tubulin isotypes,
expression of mitochondrial creatine kinase (MtCK) and their roles in Mito-
chondrial Interactosome (supercomplex formed by ATP synthasom, ANT,
MtCK, VDAC-tubulin and other VDAC-linker proteins) in adult rat cardio-
myocytes, in cancerous HL-1 cells of cardiac phenotype and several other
cancer cells lines.
Immunofluorescent and western blot analysis of adult cardiac muscle cells
revealed the presence of all b-tubulin isotypes with the very regular localization
of tubulin II(b2) corresponding to mitochondrial ‘‘crystal like’’ pattern. Anti-
bodies against tubulin IV(b4) revealed characteristic staining of microtubular
network. Polymerized transversal lines of tubulin III(b3) matched with Z-lines
(alpha-actinin) fixing, probably, microtubular network to sarcomer structure.
Tubulin I(b5) distribution was diffusely spotted and fragmentary polymerized.
In cancer cardiac HL-1 and other cancer cell types MI remodelling is charac-
terized by the absence of II(b2). Additionally, these cells do not contain tubulin
IV(b4) isotype creating micro-tubular network in adult cardiomyocytes and
have diffusely distributed tubulin I(b5) and III(b3) isotypes. Other characteris-
tic of cancer cells was the absence of both sarcomeric and ubiquitous mitochon-
drial isoform of creatine kinase (MtCK). In cardiac cells respiration is
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extremely low apparent Km for free ADP in cancer cells as well as in isolated
mitochondria is associated with the lack of tubulin II(b2) isotype, we can
assume that tubulin II(b2) can specifically control the voltage dependent anion
channel (VDAC) selective permeability resulting in adenine nucleotides micro-
compartmentation within the MI. The absence of II(b2) tubulin isotype and
MtCK isoforms induce significant alterations of phenotype and regulatory
mechanisms of cancer cells energy metabolism. By these mechanisms, all
mitochondrial ATP can be captured to maintain activated glycolysis and lactate
production, known as Warburg effect.
1618-Pos Board B528
Assessment of Cardiac Function in Chromosome 14 Congenic Strains
using Pressure-Volume Measurements
Kirsty Foote, Martin W. McBride, Delyth Graham, Kirsten Douglas,
Sarah Kettlewell, Godfrey L. Smith, Anna F. Dominiczak,
Christopher M. Loughrey.
Elevated blood pressure (BP) is an important determinate of left ventricular
hypertrophy (LVH) however, the intensity of BP load does not always correspond
to the degree ofLVH.Rat chromosome14contains a quantitative trait locus (QTL)
associatedwith left ventricular mass index (LVMI) in stroke-prone spontaneously
hypertensive animals (SHRSP). This has been verified through reciprocal con-
genic strains: (1) WKY.SPGla14a; in which segments of chromosome 14 from
SHRSP rats is introgressed intoWistarKyoto rats (WKY) resulting in an increased
LVMI and (2) SP.WKYGla14a (the reciprocal) which results in a decreased LVMI.
To assess whether changes in LVMI in these congenic strains were related to LV
pressure differences, load-independent functional pressure-volumemeasurements
were performed. 17-week old male WKY (n=6), WKY.SPGla14a (n=5) SHRSP
(n=5) and SP.WKYGla14a (n=8) rats were anaesthetised (1.5-2% isofluorane) and
a 1.9F pressure-volume catheter (SciSense) inserted into the LV. Pressure-
volume measurements were recorded in steady state and during alteration of pre-
load through transient vena cava occlusion.WKY.SPGla14a rats showed a small but
significant increase in end-systolic pressure (ESP) compared to WKY rats
(139.951.5 vs. 120.654.7mmHg,P<0.05) however both valueswere in the nor-
motensive range. End-diastolic pressure (EDP) was significantly increased in
WKY.SPGla14a compared toWKYrats (11.251.1 vs.7.551.0mmHg,P<0.05 re-
spectively) and end-diastolic stiffness constant (b) measured from the end-
diastolic pressure-volume relationship (EDPVR) was also increased
(0.03450.001 vs. 0.01650.004, P<0.05). SP.WKYGla14a and SHRSP were hy-
pertensive to the same degree (ESP: 179.958.7 vs. 171.255.3 mmHg; EDP
9.651.1 vs. 12.251.1 mmHg respectively) however, SP.WKYGla14a rats have
an improved b value. These data demonstrate that the identified QTL on chromo-
some 14 contributes to a blood pressure independent diastolic dysfunction which
corresponds to a change in LVMI.
1619-Pos Board B529
Differentiation of H9c2 Cells Enables to Assess the Insulin-Induced
Glucose Uptake: A Novel ex vivo Model to Investigate Insulin-Resistant
Myocardium
Mamoru Nobuhara, Masao Saotome, Tomoyuki Watanabe,
Tsuyoshi Urushida, Hideki Katoh, Hiroshi Satoh, Hideharu Hayashi.
[Purpose] Although the myocardial insulin resistance is a deteriorating factor in
failing heart, little is known about the mechanisms of altered cardiac metabo-
lism. We investigated to establish a novel ex vivo insulin resistant cardiac
model by using a rat cardiac cell line (H9c2 cell).
[Methods] H9c2 cardiac myoblasts were cultured with a differentiation me-
dium (Dulbecco’s modified Eagle’s medium with 1% of fetal bovine serum)
to induce the differentiation to cardiomyocytes. To assess the insulin signal
pathway in differentiated H9c2 cells, the expression of insulin receptor
substrate-1 (IRS-1) and glucose transporter (GLUT4) was measured. The dif-
ferentiated H9c2 cardiomyocytes were then cultured with saturated fatty acid
(palmitate; 0.2 mM) for 24 hours. To investigate whether differentiated cardi-
omyocytes were insulin-resistant, the GLUT4 translocation after insulin was
assessed by immunocytochemistry, and then the insulin (100 nM)-stimulated
glucose uptake was evaluated with 2-deoxy-D-glucose (2DG).
[Results] (1) Expression of IRS-1 and GLUT4 was significantly increased in
differentiated cardiomyocytes, compared with that in non-differentiated H9c2
cells. (2) There was neither the insulin-induced GLUT4 translocation nor the
2DG uptake after insulin in non-differentiated H9c2 cells, whereas both the
GLUT4 translocation to plasma membrane and the 2DG uptake (1.750.1
fold increase from non-stimulation, vs. 1.050.1 of control, p< 0.01) were
activated after insulin (100 nM) in differentiated cardiomyocytes. (3) 2DG
uptake after insulin was significantly reduced in palmitate-treated cells
(0.550.1 fold increase from non-stimulation, vs. 1.7 50.1 of control,
p<0.01), showing the decrease in glucose uptake.[Conclusion] We established an ex vivo model to investigate metabolic defi-
ciency in cardiac myocytes by using the differentiated H9c2 cardiomyocytes
and the treatment with palmitate, which could be a model of insulin-resistant
myocardium.Actin & Actin-binding Proteins I
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Observation of Dynamical Conformational Changes of Skeletal Muscle
Actin Filament
Atsuko H. Iwane, Masatoshi Morimatsu, Toshio Yanagida.
Actin is a ubiquitous and essential protein that has a primary role in a number of
important cellular phenomenon including muscle contraction, cell motility, and
cell division. It has two forms, monomeric G-actin and filamentous F-actin,
which are determined by the cellular environment. Understanding the dynamic
conformations between the two is important for understanding actin’s cellular
functions, yet only recent advancements have been made. Oda and Maeda
used X-ray fiber diffraction to describe the multiple conformations of F-actin.
To investigate the dynamics of these F-actin states, we here describe the prepa-
ration of fully activea-actin obtained from a baculovirus expression system suit-
able for singlemolecule FRET (smFRET)measurements.We developeda-actin
recombinants in which two domains of the tetramers have specific sites for
fluorescent probes. Actin filaments showed different dynamic conformational
changes between these domains in the presence and absence of myosin S1.
Specially, we observed several sequential transition states on a second or sub-
second order. This technique, which combines specific labeling and smFRET,
offers to significantly expand the information acquired in actin studies.
1621-Pos Board B531
Modeling the Mechanical Property of Single Actin Filament
Jin Seob Kim, Osman N. Yogurtcu, Sean X. Sun.
Actin filaments play many important roles in the cellular processes including
motility, morphogenesis, and mechanosensing of the environment. One of
the keys to better understanding of how actin filaments perform those roles
lies in understanding the mechanical properties of actin filament, such as per-
sistence length. There have been intensive studies on the mechanical properties
of actin filament and its network. The measurements so far show the diversity
of persistence length, ranging from several to a few tens of microns, also depen-
dent upon the chemical states of actin molecules. Another interesting issue is
the description of actin filament breaking. In order to understand these, we built
up a simple model where each actin monomer is treated as a spherical particle
connected by a set of springs. These spring stiffness parameters are determined
from the known information on the chemical bonds in the actin filament and
stretching deformation of the actin filament as an elastic rod. Our results
show the length dependency of the persistence length, especially in a shorter
length range which is relevant to the physiological conditions. They also
show that the diversity of persistence length measurements is closely related
to the breaking of the bonds in the actin filament, as well as the chemical states
of actin monomers in the filament. Finally the mechanism of actin filament
breaking is discussed.
1622-Pos Board B532
Probing F-actin Stability and Mechanics using Structure-Based Computa-
tional Modeling
Philip Bransford, Roger Kamm, Mark Bathe.
Filamentous actin (F-actin) is a core component of the cytoskeleton that is ac-
tive in both homeostatic and dynamic cellular processes and interacts with
a broad range of actin-binding proteins that regulate its stability, higher-order
structure, and mechanical properties. Recent structural studies utilizing cryo-
electron microscopy and 3D particle reconstruction have provided novel
structural models of F-actin in isolation as well as with various bound actin-
binding proteins, offering new opportunities to understand the molecular basis
of F-actin stability and mechanics. Here we apply a recently introduced com-
putational framework based on the finite element method to model the bending,
twisting, and stretching deformation of 150 nm F-actin in experimentally
observed states at near atomic resolution. We use the model to address two
questions: (1) are bare F-actin modes of deformation conserved among the
experimentally observed models and (2) do actin-binding proteins change
F-actin’s flexibility along one or more low modes of deformation? We find
that the lowest mode shapes of the molecule are conserved across distinct F-ac-
tin models, as well as the bacterial homolog ParM, and that the actin-bundling
protein fimbrin decreases significantly the torsional stiffness of F-actin while
the cross-linking protein a-actinin does not. Because F-actin is itself highly
conserved, these actin-binding proteins may provide a means to tune its stabil-
ity and mechanical properties for specific cellular processes.
